a study, which aims to develop clinical criteria for predementia AD. We also present baseline characteristics of the subjects included. The study was part of the multicentre DESCRIPA project, which is being conducted within the network of the European Alzheimer's Disease Consortium. Methods: Clinical criteria will be based on a prospective cohort study of non-demented subjects older than 55 years and referred to a memory clinic. At baseline, a number of markers and risk factors for AD were collected, including demographic variables, measures of performance in activities of daily living, cognitive, neuroimaging and genetic markers,
Introduction
Alzheimer's disease (AD) is one of the most common neurodegenerative disorders, with a prevalence rising from 0.2% in subjects aged between 55 and 65 years to 27% in subjects older than 85 years [1] . According to the current diagnostic criteria for AD, the diagnosis can only be made when a subject is demented [2] . There is an urgent need to diagnose AD in the predementia phase [3] . This will allow physicians to start interventions that may improve cognition, or prevent the progression of the disease at an earlier stage than is currently possible.
There are as yet no evidence-based criteria for predementia AD. A large number of predictors or risk factors for AD in non-demented subjects have been identified, but none of them can individually diagnose predementia AD with sufficiently high sensitivity and specificity [4] . There is evidence that a combination of variables may diagnose predementia AD with good accuracy [5] [6] [7] . A recent proposal for research criteria for AD suggested using a combination of variables to diagnose AD in non-demented subjects [3] . However, these approaches need to be validated and could be improved further.
In order to investigate which combination of variables can best identify subjects with predementia AD, the 'Development of Screening Guidelines and Clinical Criteria for Predementia AD' (DESCRIPA) study was set up. The study consists of a clinical and population-based part. The objective of the clinical part is to develop criteria for the diagnosis of predementia AD that can be used in clinical practice. The aim of the population-based part is to develop screening guidelines for predementia AD in the general population. In this paper, we will describe the outline of the clinical part of the DESCRIPA study. We will also present baseline characteristics of the subjects included in the study.
Methods

General Outline
The clinical part of the DESCRIPA study is a prospective cohort study. Non-demented subjects with cognitive complaints are to be followed for 2-3 years. At baseline, variables were collected that could be markers of predementia AD, and we will investigate which combination of variables can best predict conversion to AD-type dementia at follow-up. The design took into account that the study should have sufficient statistical power to test a combination of predictor variables, and that the criteria for predementia AD should allow easy implementation in clinical practice. For the latter reason, the data collection closely followed the routine clinical practice in each centre and we allowed variability between centres in cognitive tests, clinical rating scales and neuroimaging tools, as described below. Centres were selected from the European Alzheimer's Disease Consortium (EADC), and included 20 outpatient clinics from 11 European countries. Each of these centres held a memory clinic specialized in the diagnosis and treatment of memory disorders. The memory clinics were located in departments of psychiatry (5 centres), neurology (7 centres), and geriatrics (8 centres; see appendix 1 for a list of the participating centres). The European Commission funded the study as a concerted action within the 5th Framework Programme, and provided support for coordination, pooling and data analysis from 1 January 2003 to 1 July 2007, but not for data collection. Subjects were enrolled between 1 March 2003 and 1 March 2005. Each centre collected a minimal dataset, while other parts of the study were optional depending on local clinical practice and local funding possibilities for data collection.
Subjects
Inclusion and exclusion criteria were chosen in order to select a population in which criteria for predementia AD would be most useful. Inclusion criteria were new referral to a memory clinic because of a cognitive complaint and an age of 55 years or over. Exclusion criteria were dementia according to DSM-IV criteria at baseline, referral because of a high family risk in otherwise normal subjects, history of schizophrenia, bipolar disorders or recurrent psychotic disorders, and any somatic, psychiatric or neurological disorder that may have caused the cognitive impairment (see appendix 2 for overview of inclusion and exclusion criteria). In cases where doubt existed as to whether the cognitive impairment could be attributed to a specific cause, subjects were included in the study. All centres enrolled consecutive newly referred patients, while 3 centres also retrospectively enrolled subjects that were selected from a database.
Informed Consent Procedure
The local Medical Ethical Committee in each centre approved the study. Subjects were asked to provide a written informed consent except in 2 centres, in which the study was considered to be regular patient care and no specific consent was needed.
Baseline Assessment
At the baseline assessment, data were collected on variables that were tested as potential markers of predementia AD, variables needed for the characterization of subjects and variables needed for diagnostic purposes. In 13 centres, the baseline assessment followed routine clinical practice. Four centres extended or changed part of the routine assessment with additional assessments and tests especially for the DESCRIPA study. In 3 centres, another study on markers of predementia AD was conducted at the same time and the baseline assessment in these centres followed the protocol of those studies. All centres collected data on demographics, cognitive and non-cognitive symptoms, medical history, functional impairment and cognitive performance. In addition, a brief physical examination was undertaken. In a subset of centres, data were collected on social and cognitive activities, neuroimaging, quantitative electroencephalography (Q-EEG), genetic risk factors, markers in serum and plasma, and markers in cerebrospinal fluid (CSF). The baseline assessment included the following variables.
Demographic Variables Demographic data included age, gender, level of education and level of occupational achievement.
Cognitive and Non-Cognitive Symptoms Data were collected on the start of the symptoms, course of the symptoms, main complaints and non-cognitive symptoms.
Family History Data were collected on the number of first-degree and seconddegree relatives with dementia and vascular disorders.
Medical History Data were collected on conditions that may be associated with cognitive impairments such as vascular disorders and vascular risk factors, psychiatric disorders, endocrine disorders and severe somatic disorders. Data were provided by the patient and/or caregiver or extracted from medical files if available.
Medications
All medications taken were recorded and classified in a number of categories.
Smoking and Alcohol Intake Smoking and alcohol intake measurements were based on the interview with patient and caregiver.
Social and Physical Activities
In all but 2 centres, data were collected on cognitive, physical and social activities. Cognitive activities were assessed using a 7-item scale [8] , physical activities with a 5-item scale, hobbies and social activities (e.g. member of a club, volunteer work in church) were assessed using structured questions. For each activity, the frequency and the average number of hours involved per week was rated.
Physical Examination Data were collected on weight, height, blood pressure, primitive reflexes, extrapyramidal symptoms, gait disturbances and other focal neurological signs. Assessments were undertaken according to local practice.
Short Cognitive Screening Tests
The Mini-Mental State examination was administered in all centres [9] . A clock-drawing test was done in all but 1 centre.
Rating Scales for Functional Impairments
The effect of cognitive impairment on global functioning was measured with the Clinical Dementia Rating Scale (CDR, 18 centres), the Global Deterioration Scale (GDS, 7 centres) and the Cognitive Impairment Rating Scale functional part (CIRS-FP, 17 centres). The CDR rating was based on a regular clinical interview in 11 centres, a structured interview in 4 centres, and either a regular or structured interview in 3 centres. The CIRS-FP assesses effect of cognitive impairment on daily functioning in the domains of memory, language, executive function/problem solving, praxis/visuoconstruction and attention/concentration (see http:// www-np.unimaas.nl/scales/cirs). In order to pool data from centres that used different scales, a variable of mild functional impairment will be used that reflects a similar degree of impairment on each scale. Mild functional impairment on the CDR was defined as a CDR sum of boxes score of at least 1.5 or a score of 1 in one of the CDR boxes, on the GDS it was defined as a score of at least 3, and on the CIRS-FP as a rating of at least mild impairment in the memory domain. The overlap in the definition of mild functional impairment according to different scales was good [76% for the overlap between CDR and GDS (n = 294, 2 = 39, p ! 0.001), 67% for the overlap between CDR and CIRS-FP (n = 688, 2 = 68, p ! 0.001) and 79% for the overlap between GDS and CIRS-FP (n = 290, 2 = 56, p ! 0.001)].
Scales for Instrumental Activities of Daily Living and Activities of Daily Living
Instrumental activities of daily living (IADL) or activities of daily living (ADL) function was measured with the Blessed Dementia Rating Scale (3 centres) [10] , the Lawton IADL scale (9 centres) [11] , the Katz ADL scale (8 centres) [12] , the Alzheimer's Disease Cooperative Study ADL scale (1 centre) [13] , the Bayer ADL or self-rating Bayer ADL scale (3 centres) [14] , the Bristol ADL scale (1 centre) [15] or the Barthel Index (2 centres) [16] . Four centres did not use any IADL or ADL scale. In order to pool data from centres that used different scales, individual items that assessed the same activities will be pooled, and the number of IADL or ADL items impaired will be used as a predictor.
Scales for Non-Cognitive Symptoms Non-cognitive symptoms were measured with the Neuropsychiatric Inventory (13 centres) [17] , or the Behave-AD scale (1 centre) [18] . Depression severity was measured with the Hamilton Depression Rating Scale (HDRS, 5 centres) [19] , the Montgomery Åsberg Rating Scale (MADRS, 4 centres) [20] , the 15-item Geriatric Depression Scale (GDS-15, 7 centres) [21] , the Cornell Scale for Depression in Dementia (Cornell, 4 centres) [22] or the Centre of Epidemiological Studies depression scale (CES-D, 1 centre) [23] . One centre did not use any depression rating scale. In order to pool data from different depression scales, we dichotomized scores for clinically significant depressive symptomatology on each scale. These cut-offs were a score 1 13 on the HDRS [24] , a score 1 14 on the MADRS [24] , a score 1 7 on the GDS-15 [25] , a score 1 10 on the Cornell [22] and a score 1 24 on the CES-D [26] .
Cognitive Tests All centres performed cognitive testing but the cognitive tests administered varied. In 18 centres, a standardized protocol was administered by a neuropsychologist in all patients. In 2 centres, tests were administered by a physician as part of the clinical assessment. We selected for each centre a primary test for verbal memory, language, attention and executive function, and visuoconstruction, which was identical or similar to tests used in other centres. We also selected alternative tests for each primary test in case subjects had missing data for the primary test. The primary tests selected for each domain are listed in appendix 3. Raw scores were converted to age-, education-, and gender-corrected z-scores according to normative data of healthy control subjects, and these z-scores were used for further analysis. If possible, the same normative data set was used in each centre (see appendix 3). Neuropsychologists were also asked to give a global rating of the cognitive impairment in the domains of memory, language, executive function/problem solving, praxis/visuoconstruction, and attention/concentration using the CIRS-cognitive part (see http:// www-np.unimaas.nl/scales/cirs).
Neuroimaging MRI was the primary imaging modality in 9 centres, computed tomography (CT) in 9 centres, and single photon emission computed tomography (SPECT) in 2 centres. In addition, SPECT imaging was performed on a regular basis in 4 other centres as well. Neuroimaging markers of predementia AD that were tested include medial temporal lobe atrophy and white matter lesions on MRI or CT using qualitative rating scales [27, 28] . On SPECT scans, perfusion was investigated as a marker of predementia AD.
Quantitative Electroencephalography Q-EEG was performed in 5 centres. Frequency band analysis was used to identify markers of predementia AD.
Genetic Markers
The apolipoprotein E genotype was determined at baseline in 17 centres. APOE genotype was determined on genomic DNA extracted from EDTA anticoagulated blood using the polymerase chain reaction technique. In a subset of subjects, DNA was stored for future analysis.
Plasma and Serum Markers
Each centre provided data on the routine biochemical and haematological laboratory data. In addition, serum and plasma were collected and stored at -80 ° C for further analysis in 13 centres. Planned analyses include measurement of ␤ -amyloid 1-42 and 1-40 in plasma.
CSF Markers CSF was collected in 9 centres. Planned analyses include measurement of ␤ -amyloid 1-42, total , and phosphorylated at threonine 181.
Follow-Up Assessment
In 19 centres, subjects were reassessed annually for 2-3 years. The follow-up assessment consisted of a standardized questionnaire about cognitive complaints, non-cognitive symptoms, current drug use, medical disorders, physician attendance and hospitalization in the period after the previous assessment. In addition, the MMSE and clock-drawing test were scored, and the same scales for functional impairment and IADL/ADL and cognitive tests used at baseline were administered. In case of possible dementia, further diagnostics were performed, including a physical examination, assessment of depression severity, and laboratory and neuroimaging investigations where appropriate. If a subject refused to attend the follow-up assessment or a follow-up assessment could not be arranged, a telephone interview was conducted that included the same standardized questionnaire as described above, the CDR, and the Telephone Interview for Cognitive Status [29] . In 1 centre, the follow-up was conducted according to routine clinical practice. Subjects from this centre who were not seen at follow-up were contacted 2 years after the baseline assessment by telephone, as described above.
Procedure for Making Diagnoses
Dementia was diagnosed according to the DSM-IV criteria [30] , AD was diagnosed according to NINCDS-ADRDA criteria [2] , vascular dementia according to NINCDS-AIREN criteria [31] , Lewy Body dementia according to the McKeith criteria [32] , and fronto-temporal lobe dementia according to the Neary criteria [33] .
Clinicians were asked to make the diagnosis at follow-up blinded to data collected at baseline, but in some centres clinicians had access to baseline cognitive and neuroimaging data. Therefore, an endpoint committee, blinded to the baseline assessment data, will review all clinical diagnoses. Each follow-up diagnosis will be reviewed by 2 members of the endpoint committee. If this diagnosis disagrees with the diagnosis provided by the centre, other members of the endpoint committee will review the case. The final diagnosis will be established by consensus. If no consensus can be obtained, the subject is considered not demented.
Outcome Measures
The main outcome measure will be conversion to AD-type dementia according to the NINCDS-ADRDA criteria of probable or possible AD at follow-up. As many subjects with predementia AD will not progress to AD-type dementia during the follow-up period of 2 years [34] , a secondary outcome measure will be used which includes subjects with AD and non-demented subjects with amnestic mild cognitive impairment (MCI) at follow-up. These non-demented subjects with amnestic MCI are supposed to be at a higher risk of AD at longer follow-up intervals.
Missing Data
In case of missing data, investigators were asked to specify the reason why data were missing. Prespecified reasons for missing data were patient refusal, technical problems, data not in the centre's standard protocol, contraindication for assessment and lack of time.
Analysis and Sample Size Considerations
Criteria for predementia AD will be developed in several ways. First, a prediction rule will be constructed using logistic regression models and receiver operating characteristic curves. Variables will be entered stepwise in the order in which they are collected in the diagnostic work-up, so variables that can be easily obtained are entered first (e.g. demographics) while variables that are more difficult to obtain (e.g. CSF measures) are entered later. To reduce the number of variables, only variables will be entered in the analysis that are different between subjects with or without probable or possible AD at follow-up on univariate tests at a p value of 0.10 or less. After each step, it will be determined which variables in the model can be left out without reducing the overall predictive accuracy. The final model will consist of variables that are retained in the model after each step. This model will be converted to a prediction rule [35] .
Secondly, a non-guided forward stepwise logistic regression model will be applied [36] . In the first step, variables that are different between subjects with or without AD-type dementia at follow-up on univariate tests at a p value of 0.10 or less will be entered. Analysis will be undertaken in different sets of subjects, as not all data are available for all subjects. In this way, the shortest diagnostic algorithm with a good predictive accuracy (AUC 1 0.85) will be established. Thirdly, the Predementia Alzheimer's Disease Scale (PAS) will be scored [5] . The PAS is a scale, which consists of 6 markers of predementia AD. It will be determined which cut-off score can best differentiate between subjects with or without predementia AD. In addition, the PAS will be adjusted or extended with other variables if these variables are predictive on univariate tests. In addition, the dataset will be used to crossvalidate other diagnostic algorithms for predementia AD [3] .
We planned to enrol 800 subjects, of which it was estimated that 20% would progress to AD-type dementia after 2 years. Taking into account a loss to follow-up of 15%, the number of subjects developing AD-type dementia was estimated to be 136. This number would be sufficient to allow 14 variables in a multivariate analysis, according to the guideline that the number of variables in such an analysis should equal the number of subjects in the smallest outcome group divided by 10 [37] .
Results
A total of 893 subjects met inclusion and exclusion criteria. Of these, 881 subjects (99%) agreed to participate in the study. The number of subjects enrolled was higher 1 Depression refers to clinically significant depressive symptomatology according to cut-off on depression scale (see 'Methods'). than planned as we allowed participation of centres that joined the EADC after the start of the study. Subjects who refused (n = 12) were younger (65.4 vs. 70.3 years, p = 0.02) and had less years of education (7.7 vs. 10.4 years, p = 0.02) than those who participated. Gender did not differ between the 2 groups. The number of subjects per centre was between 10 and 113 (average 44). The majority of the subjects were prospectively enrolled (n = 835, 95%). The other subjects were retrospectively identified from an existing database. A selection of the baseline characteristics is shown in table 1 . Subjects were on average 70.3 years old and had 10.4 years of education. About two thirds had been referred by a physician (mainly the general practitioner), while one third were self-referrals or had been referred otherwise; 76% of the subjects came to the memory clinic with an informant. Overall cognitive impairment as measured with the MMSE was mild, and 93% of the subjects had a CDR overall score of 0.5. Depression at baseline was present in 11% of the subjects.
Data on medical history were available for 871 (99%) of the subjects ( table 2 ) . A history of hypertension in 45% of the subjects was the most frequently reported comorbidity, followed by hypercholesterolemia (35%), an atherosclerotic disorder (22%) and depression (21%). A history of hypothyroid or hyperthyroid dysfunction was reported in 109 subjects (12%, 3 subjects reported a history of both hypo-and hyperthyroid dysfunction), of whom 73 (67%) received pharmacological treatment at the time of the baseline assessment. Diabetes mellitus was reported in 93 subjects (11%), of whom 60 (65%) received pharmacological treatment at the time of the baseline assessment.
Cognitive tests had been performed in 862 subjects (98%). The reason for no cognitive data was refusal in 3 subjects, physical limitation in 1 subject, administrative error in 1 subject and was unknown in 14 subjects. The z-scores of the primary cognitive tests are shown in table 1 . Delayed recall was the most impaired and visuoconstruction the least.
CT scans were performed in 314 subjects at baseline, MRI scans in 435 subjects, SPECT scans in 154 subjects and Q-EEG in 198 subjects. CSF was collected in 193 subjects. The results of these assessments will be reported separately.
We noted marked differences in baseline characteristics between the centres. For example, the average age ranged between centres from 66 to 74 years, the average number of years of education from 7 to 14.1, the average MMSE score from 24.4 to 29.1 and the average z-score of the delayed recall test from -2.63 to -0.05 ( table 3 ).
Discussion
We described the outline of a study, which aims to develop evidence-based criteria for predementia AD, and we presented baseline characteristics of the subjects included in the study. The main features of the study design were that we used a combination of variables to develop diagnostic criteria, selected subjects who were representative of the clinical population in which criteria would be used, and followed routine clinical practice. We selected consecutive newly referred subjects to a memory clinic older than 55 years who were not demented and had no obvious cause of the cognitive impairments. We did not require subjects to have a specific degree of cognitive or functional impairment, because predementia AD can present without cognitive or functional impairments in up to 60% of subjects [38] [39] [40] . While broad inclusion criteria will include all subjects with predementia AD, the disadvantage is that the conversion rate to AD-type dementia is lower than if stricter inclusion criteria were used. However, the large number of subjects included will allow multivariate analysis of markers of conversion with sufficient statistical power.
We followed routine clinical practice in order to generate criteria that may have a generalized clinical applicability. We noted a substantial variation in scales and cognitive tests used between the centres. This variation may partly be explained by differences in setting as, for example, psychiatrists may prefer other depression rating scales than neurologists or geriatricians. In addition, the variation may reflect the fact that we included centres from different countries, as in some countries tests and scales are being used that have been validated and for which norms are available in that country. The variation in scales and tests is a challenge for the pooling of data. For cognitive data, we will use age, education and gendercorrected z-scores, as it is assumed that the z-score indicates a similar degree of impairment in a cognitive domain, even if different tests have been used. In a similar way, scores on depression scales and scales for functional impairment will be dichotomized according to equivalent cut-offs on each scale. Not all variables could be collected in all centres as part of regular patient care. This implies that criteria for predementia AD that would require MRI imaging or CSF sampling, for example, may not be applicable in these settings. We will approach this problem by developing a diagnostic algorithm with a stepwise approach, so variables that can be easily collected in clinical practice should be scored first [5] . [41] ; ACCORD = Canadian Collaborative Cohort of Related Dementias study [43] ; ITINAD = Italian Interdisciplinary Network on Alzheimer's disease [42] ; ADNI = Alzheimer's Disease Neuroimaging Initiative [44] ; ADCS = Alzheimer's Disease Collaborative Study [72] ; InDDEx = Investigation into Delay to Diagnosis of Alzheimer's Disease with Exelon study [73] ; GAL-Int11/18 = Galantamine International Study 11 and 18 [45] .
A number of other large prospective clinical multicentre studies in non-demented subjects with cognitive impairments have been conducted. Some of these studies aimed to investigate markers of predementia AD, such as the Prediction for Alzheimer's Disease (PréAL) study in France [41] , the prospective MCI study of the Italian Interdisciplinary Network on Alzheimer's disease (ITI-NAD; [42] ), and the Competence Net Dementias study in Germany, while other studies were not designed for this purpose but still could be used for this such as the Canadian Collaborative Cohort of Related Dementias (AC-CORD) study in Canada [43] and the Alzheimer's Disease Neuroimaging Initiative (ADNI) in North America [44] . In addition, a number of drug trials in subjects with MCI with a follow-up of at least 1 year have been conducted, and these studies may also be used to test markers of predementia AD [7, 39, 45, 46] . A selection of the design characteristics of these studies is shown in table 4 . It can be seen that all studies except the ACCORD study used more restrictive inclusion criteria than the DESCRIPA study. In addition, most studies used additional criteria for excluding subjects with possible dementia at baseline, for example with an MMSE score or a score on a scale for functional impairment. We did not apply such a cut-off as we intended to include subjects who were not demented according to clinical judgment, even though it is possible that the threshold for diagnosing dementia could vary between centres.
The characteristics of the subjects included in the DE-SCRIPA study indicates that very mild to mildly impaired subjects were included. Vascular, endocrine and psychiatric comorbid disorders were common even though we excluded subjects in which comorbid disorders were considered the main cause of the cognitive impairments. We will investigate whether these comorbid disorders may influence outcome at follow-up. The baseline characteristics are comparable to those from other prospective clinical multicentre studies in non-demented subjects with cognitive impairments, as shown in table 5 .
We noted substantial differences in baseline characteristics between centres. This may reflect differences in referral patterns and settings between the centres. It is also likely that as a result the conversion rate to AD will vary substantially between centres. We will investigate to what extent this variation in baseline characteristics influences the diagnostic accuracy of criteria of predementia AD in each centre.
The study had some limitations. The follow-up period of 2-3 years is relatively short as it may take up to 10 years before subjects with predementia AD convert into ADtype dementia [34, 47, 48] . Using the diagnosis of ADtype dementia at the 2-or 3-year follow-up as the out- [41] ; ACCORD = Canadian Collaborative Cohort of Related Dementias study [43] ; ITINAD = Italian Interdisciplinary Network on Alzheimer's disease [42] ; ADNI = Alzheimer's Disease Neuroimaging Initiative [44] ; ADCS = Alzheimer's Disease Collaborative Study [72] ; InDDEx = Investigation into Delay to Diagnosis of Alzheimer's Disease with Exelon study [73] ; GAL-Int11/18 = Galantamine International Study 11 and 18 [45] .
1 ADNI data were exported from the database on 13 November 2007; data from the Competence Net Dementias were based on an export from the database in November 2007; data from the Rofecoxib study were published in [74] , data from the Piracetam study in [46] . come measure may therefore lead to a false-negative diagnosis of predementia AD in a number of subjects. Therefore, we will also use a composite outcome measure including subjects with AD-type dementia and non-demented subjects with amnestic MCI, who are at a high risk of progressing to AD-type dementia at longer followup intervals. We also plan to extend the follow-up period to 5 years.
In subjects who refuse to come for the follow-up, a telephone interview instead of a personal examination will be conducted, and this may yield inaccurate information on current cognitive status. We will therefore repeat analysis after exclusion of subjects in which the diagnosis was based on a telephone interview. Another limitation is that not all variables will have been collected in all centres, which limits the power of some of the multivariate analysis. In addition, the different scales and tests used may not be equivalent. However, this variability reflects clinical practice, and by allowing this the results may be easier to implement.
In conclusion, there is an urgent need to diagnose AD before subjects reach a diagnosis of dementia, and the DESCRIPA study has been designed to contribute to the development of evidence-based criteria for predementia AD. 1 Normative data were used to correct test scores for age, gender or education. The same normative data were used in centres that used the same tests if the versions of the test were equivalent. Information on normative data that were collected locally is available on request. 2 From the memory tests the learning measure (sum of the words remembered after each learning trial) and free delayed recall measure will be used. 3 Because no separate norms for the ADAS-Cog word list with 3 learning trials were available, norms of the CERAD word list were used. 
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